Silicon carbide nanotube (SiCNTs) has been proven as a suitable material for wide applications in high power, elevated temperature and harsh environment. For the first time, we reported in this article an effective synthesis of SiCNTs by microwave heating of SiO 2 and MWCNTs in molar ratio of 1:1, 1:3, 1:5 and 1:7. Blend of SiO 2 and MWCNTs in the molar ratio of 1:3 was proven to be the most suitable for the high yield synthesis of β-SiCNTs as confirmed by X-ray diffraction pattern. Only SiCNTs were observed from the blend of MWCNTs and SiO 2 in the molar ratio of 1:3 from field emission scanning electron microscopy imaging. High magnification transmission electron microscopy showed that tubular structure of MWCNT was preserved with the inter-planar spacing of 0.25 nm. Absorption bands of Si-C bond were detected at 803 cm -1 in Fourier transform infrared spectrum. Thermal gravimetric analysis revealed that SiCNTs from ratio of 1:3 showed the lowest weight loss. Thus, our synthetic process indicates high yield conversion of SiO 2 and MWCNTs to SiCNTs was achieved for blend of SiO 2 and MWCNTs in molar ratio of 1:3.
Introduction
Silicon carbide (SiC) has attracted much attention and has being studied for the potential in many applications such as biosensors 1 , photo-catalysts 2 and hydrogen storage 3 because it possesses several excellent properties and is also an important biocompatible material 4 . Compared to bulk SiC, one-dimensional (1D) semiconductor nanostructured SiC such as SiC nano-rods, nanotubes and nanowires have been studied more extensively during the last decade owing to their versatile application in fabrication of optoelectronic, electronic and sensor devices on nanometer scale 5 . Silicon carbide nanotubes (SiCNTs) were known as one dimensional nanostructure material along with silicon carbide nanowires. SiCNTs have advantages over carbon nanotube (CNTs) for high temperature and harsh environment applications because they possess high reactivity on exterior surfaces, facilitating sidewall decoration and greater stability at high temperature and in highly oxidative environment 6 . The main method for SiC production is the Acheson process, which is carbothermal reduction of SiO 2 by coke at 2200-2500°C
7
. Due to high reaction temperatures and long reaction time, the synthesized SiC has often large particle size and is contaminated with impurities such as oxygen and metals. SiCNTs are currently synthesized by using chemical vapor deposition (CVD) 8 and carbothermal reduction of the silica by using conventional heating 9 . However, both of these methods have the downsides in the synthesis of the SiCNTs such as CVD method can only synthesize small amounts of SiCNTs and resulted in the presence of impurities in the SiCNTs due to extensive use of chemical during the synthesis of SiCNTs. Meanwhile, long heating duration, slow heating rate and requirement for further purification step to remove impurities was the problem always associated with the use of conventional heating method in carbothermal reduction of silica. Additional production cost was also needed since large consumption of energy was required to for the synthesis of SiCNTs. In addition, Latu-Romain et. al 10, 11 in their study of synthesis of the SiCNTs from silicon nanowire (Si NW) has successfully synthesized SiCNTs by hot filament CVD at temperature of 1100°C for 30 minutes using gold as catalyst. Continuous diffusion of Si gas into the layer of SiC has resulted in the formation of SiCNTs. However, the use of gold as catalyst incurred high cost and the need to synthesize Si NW required additional processing step which are time and energy consuming.
Recently, many researchers have ultilized microwave heating to synthesize SiC because of special characteristics of microwave heating in which microwave can volumetrically heat materials with favorable dielectric properties and can synthesize SiC with uniform grain size at higher synthesis rate and reduced reaction time 12, 13 . It is more economical to synthesize materials using microwave heating as compared to conventional methods such as mechanical milling, carbothermal reduction and laser synthesis since microwave heating is well known for low energy consumption, shorter reaction time and very low impurities such as oxygen and metals reside in the end products after synthesis [14] [15] [16] . The characteristic of microwave heating is attributed to the fact that microwave is a form of electromagnetic energy with a frequency range from 300 MHz to 300 GHz and microwave can couple with certain materials which have excellent dielectric properties such as carbon and it can be absorbed into these materials volumetrically which then transformed to heat from the inside of materials 17, 18 . Conventional heating method involves the transfer of heat between objects by the mechanisms of conduction, convection and radiation 19 . Heat loss to surrounding and irregular heat transfer between the heat source and material often becomes the issue of conventional heating and causes low heating rate and high energy consumption. Li et. al 20 have reported that by using microwave heating, one can successfully synthesize nanostructured β-SiC in argon atmosphere. Compared to conventional heating, microwave heating was proven to be an efficient approach to synthesize SiC in terms of low energy consumption and time saving. Carbon materials such as MWCNTs are well known as good microwaves absorber 21 . It is expected that by microwaves heating the blend of MWCNTs and SiO 2 , SiCNTs can be synthesized from the reaction of MWCNTs and SiO 2 . To date, no study was reported on the synthesis of SiCNTs by microwaves heating of blends of MWCNTs and SiO 2 .
In the previous study, several researchers have investigated the effect of ratio of raw material on the synthesis of SiC nano-material 22, 23 . For example, Ding et al 24 in their study synthesis of SiC nanowires by using molten salt synthesis (MSS) method at temperature of 1400 °C indicates that ratio of raw materials is an important factor to synthesize SiC nanowires and they revealed that intensity of β-SiC peaks of ratio 1:3 was higher compared to Si and salts containing carbon of ratio 1:1, 1:2 and 1:4 which suggested that formation of SiC nanowires was highest when Si and salts containing carbon of ratio 1:3 was used. Besides that, Bi et al 25 reported the synthesis of the SiC/CNTs hetero-structures from the solgel mixture containing the mixture of MWCNTs and silica gel in various ratios by using tube furnace at temperature of 1400°C for 60 minutes. They found out that increase of molar ratio of MWCNTs in mixture caused high residual of MWCNTs and revealed that almost all reactant of silica gel and MWCNTs in the ratio of 1:3 was consumed and formed SiC/CNTs hetero-structures. Therefore, these studies indicate that ratio of raw materials has significant effect in the purity and quality of the synthesized SiCNTs.
Bi et al 25 and Quah et al 26 also studied and reported the effect of different ratios of the SiO 2 particles and CNTs. However, in this article we studied the effect of different ratios of SiO 2 particles and MWCNTs with a different synthesis approach which is by using microwave heating rather than conventional heating method used by Bi et al and Quah et al. Thus, in this paper, the effect of molar ratio of MWCNTs and SiO 2 on the synthesis of SiCNTs was studied and reported, considering its importance on the properties of the prepared materials. We revealed the morphology, composition, optical and quality of SiCNTs that were synthesized by microwave heating of the blend of SiO 2 and MWCNTs in different ratios. In order to identify the effect of molar ratio of SiO 2 and MWCNT for the synthesis of SiCNTs, the as-synthesized SiCNTs were characterized using X-ray diffraction, field emission scanning electron microscopy, transmission electron microscopy, photoluminescence spectroscopy, fourier transform infrared spectroscopy, and thermal gravimetric analysis.
Experimental
In this study, the materials used were multi-walled carbon nanotubes (MWCNTs) and silicon dioxide (SiO 2 ), which were purchased from Sigma Aldrich. SiO 2 (particles size of 44 µm and purity 99%) was mixed properly with MWCNTs (diameter range from 10 to 70 nm) in the ratio of 1:1, 1:3, 1:5 and 1:7 using ethanol as a liquid medium in ultrasonic bath for 2 hours. After the mixing process, the mixtures were dried using hot plate until ethanol was completely evaporated and the mixtures were pressed into solid pellet form with a thickness of 3 mm to ease the sample handling during transferring to and out of microwave cavity and also to minimize the loss of SiO gas produced to surroundings.
2.45 GHz multi-mode cavity microwave furnace model HAmiLab-V3 from SYNOTHERM was used to conduct microwave heating. Figure 1 shows the arrangement of alumina crucible in microwave cavity which filled with silica sand, graphite and SiC susceptor and blends of different molar ratios (1:1, 1:3, 1:5 and 1:7) were placed at the center of alumina crucible. Silica sand is a good heat insulator and it can reduce the heat loss to surroundings while SiC susceptor has ability to absorb the microwave energy at low temperature and acts as the external heat source which helps to achieve high heating rate. Meanwhile, graphite can absorb the microwave energy and produced heat energy which then transferred to samples to increase heating rate. The cavity was vacuumed and pure argon gas atmosphere was introduced into microwave cavity during the synthesis.
Heating rate of 30°C/min were used during microwave heating to reach the required temperature at 1400°C and maintained for 40 minutes. The power of microwave used in this study was within the range of 0.3 to 2.85 kW and the power was adjusted automatically by the microwave furnace since automatic mode was used. Therefore, the power of microwave energy fluctuated during the synthesis so that the preset temperature and heating rate can be obtained. The specimens were cooled in the microwave cavity to room temperature. the thermal stability of the synthesized SiCNTs. Raman spectroscopy was conducted by using Raman Spectrometer model Renishaw InVia Raman Microscope with excitation of 633 nm HeNe laser and spectral range was taken from 650 to 1800 cm -1 . Figure 3 (a), there is a peak corresponding to the residual of unreacted SiO 2 at 2θ = 23° associated with (100) planes of SiO 2 particles. Very small XRD peak corresponded to residual of unreacted MWCNTs were observed at 2θ = 27.3° associated with (002) planes of carbon. This shows that amount of MWCNTs in the blend to react with SiO 2 was not sufficient when SiO 2 and MWCNTs were in the ratio of 1:1. Thus, unreacted SiO 2 was detected with very small residual MWCNTs observed and only small amounts of SiCNTs were produced.
Results and Discussion

X-Ray diffraction (XRD) patterns
For SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:3, XRD peaks corresponding to β-SiC can be observed from the XRD pattern as shown in Figure 3 The specimens were characterized using X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), photoluminescence spectroscopy (PL), fourier transform infrared spectroscopy (FTIR) and thermal gravimetric analysis (TGA). XRD Siemens Diffractometer Model D-5000 using Cu Kα radiation source in θ/2θ mode was used to investigate the crystalline phase present in the specimens. Measurements were made with fast duration scan (1s) and small step size (0.02°). Meanwhile, the morphologies of specimens were observed by using FESEM model Nova Nano 450 at magnification 200K and accelerating voltage of 5 kV. Tubular structure of SiCNTs was confirmed using transmission electron microscopy model Philips Tecnai F20 TEM. Optical properties of SiCNTs were identified by using the photoluminescence spectroscopy (PL FL3-11 J81040) with xenon lamp of 400 watt and excitation wavelength at 265 nm and photoluminescence baseline subtraction was conducted by using OriginPro 8 by using method of auto-create a modifiable baseline with baseline algorithm of end weighted. Reference baseline then was subtracted and the graph was plotted. Fourier transform infrared (FTIR MAGNA550 kBr) spectroscopy was used to scan the samples from 500 -4000 cm -1 with a spectrum resolution of 4 cm . Thermal stability of SiCNTs was evaluated using Perkin-Elmer Pyris 6 TGA analyzer. Samples about 10 mg weight were heated from 30 to 1300°C with a heating rate of 10 °C/min in atmospheric air in order to investigate ratio ranged from 1:1, 1:3, 1:5 and 1:7 were shown in Figure  4 . It can be observed that SiO 2 particles were agglomerates of smaller particles which formed larger particles as shown in Figure 4 Meanwhile, FESEM images of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:5 and 1:7 as shown in Figure 4 (e) and (f) revealed that there were residuals of unreacted MWCNTs (pointed out by blue circle). This might be due to the fact that SiO 2 was insufficient to react with MWCNTs and thus some MWCNTs were not converted to SiCNTs. These results from Figure 4 are in good agreement with the XRD pattern of the SiCNTs in Figure 3 in which high yield conversion of SiO 2 and MWCNTs to β-SiCNTs was achieved, when the blend of SiO 2 and MWCNTs was in the ratio of 1:3 with very small residual of SiO 2 particles was detected. However, no SiO 2 particle was observed in FESEM image of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:3 and this may due to the very small amount of residue of SiO 2 particles which caused difficulty to detect SiO 2 particles in FESEM image. It can be observed also from FESEM images of SiCNTs in Figure 3 (c) -(f) that diameter of the SiCNTs produced in this study was in the range of 11-71 nm while diameter of MWCNTs in Figure 3 (b) was in the range of 11-70 nm. This shows that there is no obvious change in the diameter of nanotube after MWCNTs were converted to SiCNTs.
Transmission electron microscopy (TEM) images
TEM images of MWCNTs and SiCNTs synthesized from blend of SiO 2 and MWCNTs in the ratio of 1:3 were showed in Figure 5 . Figure 5 (a) shows that the tubular structure of MWCNTs and it can be observed that MWCNTs has inter-planar spacing of 0.34 nm as reported by others 27 . TEM images in Figure 5 (b) showed that the SiCNTs has rough surface which may due to the reaction of SiO gas with carbon atoms at the surface of MWCNTs, resulted in the formation of defects as some of carbon atoms formed CO gas as explained later. Figure 5 (b) reveals that the SiCNTs has inter-planar spacing of 0.25 nm. This showed the SiCNTs was successfully formed after the synthesis and the tubular structure of MWCNTs was conserved. Similar result has been reported by Dai et al 28 in which they found MWCNTs as shown by Equation (3.1) below which suggested that synthesized SiCNTs from ratio 1:3 gives highest yield conversion of SiO 2 particles and MWCNTs to SiCNTs 25 .
(3.1)
Similar observation was reported by Ding et al 22 in his research to synthesize SiC nanowires from graphite and Si powder by molten salt synthesis method, in which they concluded that the ratio of Si powder to carbon (graphite) was crucial in order to synthesize SiC nanowires without any excess of unreacted graphite and Si powder and they revealed that the mixture of Si powder and graphite in the ratio of 1:3 was most favorable to synthesize SiC nanowires. Bi et al 25 also confirmed that the ratio 1:3 of SiO 2 to MWCNTs can be used to synthesize SiCNTs by using the tube furnace with only small amounts of MWCNTs left as residue compared to other ratio as shown in XRD pattern.
Field emission scanning electron microscopy (FESEM) images
FESEM images of SiO 2 particles, MWCNTs and SiCNTs synthesized from the blend of SiO 2 and MWCNTs with a 0 2 7 7 -e q u 0 1 that inter-planar spacing of SiC nanowire was observed to be 0.25 nm. It can be that diameter of SiCNTs in TEM image was in 13 nm which is in good consistence with the diameter of SiCNTs in the range of 11-71 nm as observed in FESEM image.
Photoluminescence spectroscopy (PL) spectra
PL spectra of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1, 1:3, 1:5 and 1:7 are shown in Figure 6 . Samples were excited by ultraviolet fluorescent light at 265 nm from a Xe lamp at room temperature. It can be observed that all the PL spectra of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1, 1:3, 1:5 and 1:7 respectively have a strong PL peak of β-SiCNTs at wavelength of 465 nm corresponding to band gap of 2.67 eV. Compared to band gap of bulk 3C-SiC of 2.39 eV 29 , the PL peaks of SiCNTs are considerably blue shifted. It is believed that this is due to quantum confinement effect. The results were in good agreement with the value reported by Chen et al 30 , which reported that silicon carbide nanowire exhibits a strong and sharp emission at 470 nm and corresponded to band gaps of 2.64 eV. Nazarudin et al 31 also concluded that the PL of the SiC nano-crystalizes is strongly dependent on quantum confinement effects attributed to the size of the nano-crystallites embedded in the nanowires. In Figure 6 (a), PL spectrum of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1 shows the presence of strong PL peak attributed to oxygen discrepancy in SiO 2 at 387 nm and corresponded to band gaps of 3.2 eV. The presence of this peak is in good consistence with the XRD result of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1 (Figure 3 (a) ), which shows the presence of XRD peak corresponded to SiO 2 . This is due to the presence of SiO 2 which was remained unreacted because of insufficient MWCNTs in the mixture. Similar result was also reported by Chiu and Li 32 , they reported that there was an emission peak centered at 390 nm which was attributed to the oxygen discrepancy in SiO 2 particles and thus indicated the presence of SiO 2 particles after the synthesis of SiC.
PL spectrum of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:3 ( Figure 6 (b)) consisted of single peak corresponding to β-SiCNTs at a wavelength of 465 nm with band gaps of 2.67 eV. This revealed that SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:3 consisted only β-SiCNTs. However, XRD pattern in Figure 3 (b) shows the presence of very small peak of SiO 2 particles but PL peak corresponded to SiO 2 particles was not observed in Figure 6 (b). This may due to the amount of SiO 2 particles was too small to be detected by PL. Meanwhile, for the PL spectra of SiCNTs synthesized from the blends of SiO 2 and MWCNTs in the ratio of 1:5 and 1:7 in Figure 6 (c) and (d), it can be seen that only peak corresponding to β-SiCNTs were observed at wavelength of 465 nm although significant amount of MWCNTs remained unreacted and was detected in XRD patterns. No PL peak corresponded to MWCNTs was observed from the PL spectra of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:5 and 1:7. This was due to the quenching effect of the MWCNTs where the electrons are trapped in MWCNTs and thus decreases the PL intensity. MWCNTs are well known as good electron acceptors 33 and thus can act as electron storage to trap electrons. Several researchers also have reported the similar result in which they reported no PL peak of MWCNTs was observed 34, 35, 36 . Besides that, it was also observed that the intensity of PL peak corresponded to β-SiC of SiCNTs in the ratio of 1:7 was lower than SiCNTs in the ratio of 1:5. This was due to the reduced electron-hole recombination rate for SiCNTs in the ratio of 1:7 comparing to the SiCNTs in the ratio of 1:5. Similar result was also reported by Gui et al 37 in their study of TiO 2 /MWCNTs and roles of MWCNTs on surface chemistry, optical properties and reactivity in CO 2 photoreduction. They reported that increase of the MWCNTs loading in TiO 2 /MWCNTs caused great reduction of the PL intensity of TiO 2 due to the inhibition of the electron-hole recombination in TiO 2 .
Fourier transform infrared (FTIR) spectra
To analyze the chemical bonding of the SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1, 1:3, 1:5 and 1:7, FTIR spectroscopy was used and the FTIR spectra of the SiCNTs are shown in Figure 7 . FTIR peak corresponded to Si-C stretching bond was present at 1000-800 cm -1 in all FTIR spectra of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1, 1:3, 1:5 and 1:7. From Figure 7 (a) , it can be observed that SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1 has FTIR peak corresponded to stretching bond of Si-O bonding group at 1110 cm -138
. These indicated that some of SiO 2 particles were not reacted with MWCNTs during the heating process.
Thermal gravimetric analysis (TGA)
Thermal stability of SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1, 1:3, 1:5 and 1:7 was evaluated by using thermal gravimetric analysis. The TGA curves are shown in Figure 8 . It can be observed from all TGA curves that no weight loss took place when SiC was heated up to 600 °C. The decomposition only started to occur when the temperature was higher than 600 °C which was attributed to the oxidation of MWCNTs. Giorcelli et al 41 reported similar observation in which SiC hollow cylinder synthesized by using MWCNTs has decomposed at 600 °C in their TGA study. Meanwhile, SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:3 in Figure 7 (b) shows FTIR absorption band centered at 806 cm -1 which corresponded to stretching vibration of Si-C bonds. This result is in good consistence with the XRD result of SiCNTs synthesized from the ratio of 1:3 (Figure 2 (b) ) which shows high yield conversion of SiO 2 particles and MWCNTs to β-SiCNTs when blend of ratio 1:3 of SiO 2 particles and MWCNTs was used. Chen et al 39 revealed similar result where strong FTIR peak centered at 820 cm -1 corresponded to transverse optical photon vibration mode of Si-C bond was observed from the FTIR spectra of synthesized 3C-SiC nanowires.
FTIR spectra of SiCNTs synthesized from the blend of . The presence of these peaks indicated that some of the MWCNTs were not converted to SiCNTs and this may due to the insufficient amount of SiO 2 particles to react with MWCNTs. It can be observed that SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:1 has shown weight loss of 5% and started at 700 °C. It is believed that this weight loss of 5% was due to the decomposition of the residual MWCNTs and this result also shows good agreement with XRD pattern of SiCNTs in Figure 3 (a) in which very small XRD peak corresponded to carbon was observed and indicates the presence of small amount of residual MWCNTs. Li et al. 42 also reported similar result in which they reported that decomposition of the MWCNTs occurred at temperature of 700 °C to 800 °C in SiC/MWCNTs and revealed the thermal stability of CNTs was enhanced in SiC/CNTs which led to higher resistance of MWCNTs toward oxidation.
Meanwhile, from Figure 8 , TGA curved shows the SiCNTs synthesized from the blend of SiO 2 and MWCNTs in the ratio of 1:3, 1:5 and 1:7 has weight loss of 4 %, 12 % and 35 %, respectively. This weight loss was attributed to the oxidation of residual MWCNTs. This result also shown a good agreement with XRD patterns of SiCNTs in Figure  3 which show there are very small amount of residual MWCNTs for ratio 1:3 while ratio 1:5 and 1:7 show significant amount of residual MWCNTs. Besides that, the amount of SiCNTs produced was reduced as the carbon in the blends increased from ratio of 1:3, 1:5 to 1:7. SiCNTs can help to protect MWCNTs from further oxidation by increasing the decomposition temperature of MWCNTs. As ratio 1:3 has produced high yield of SiCNTs as shown in XRD pattern in Figure 3 , SiCNTs can effectively protect MWCNTs from decomposition. However, large weight loss of ratio 1:5 and 1:7 was due to the oxidation of MWCNTs since only small amount of SiCNTs was produced. Besides, the starting temperature for the decomposition was reduced to 650 °C and 600 °C for ratio 1:5 and 1:7, respectively due to the smaller amount of SiCNTs in the samples which cannot effectively improve the thermal stability of MWCNTs. Similar result was reported by Li et al. 42 in which they reported in the thermal gravimetric analysis of pure MWCNTs, the decomposition started at 550ºC while for SiC/MWCNTs, decomposition of MWCNTs started at 700ºC, denoting the presence of SiCNTs can enhance the thermal stability of MWCNTs.
Raman spectroscopy
SiCNTs synthesized from blend of SiO 2 particles and MWCNTs in the ratio of 1:3 shows peaks corresponded to β-SiC at 797 cm -1 and 970 cm -1 , respectively in Raman spectrum in Figure 9 . This peaks confirmed the presence of SiCNTs. Giorcelli et al 41 also showed similar result where peaks corresponded to transversal optical phonon (TO) and longitudinal optical phonon (LO) of 3C-SiC were observed at 797 cm -1 and 968 cm -1 . Besides that, it can be observed that there are peaks corresponded to the CNTs at 1350 cm 
Growth mechanism of silicon carbide nanotubes (SiCNTs)
Several mechanisms for the growth of one dimensional nanostructure have been proposed such as vapor-liquid-solid (VLS) 44 , vapor-solid (VS) 45 and solid-liquid-solid (SLS) 46 mechanisms. In this study, mechanism of vapor-solid (VS) was suggested to explain the synthesis of SiCNTs from the blend of SiO 2 and MWCNTs at 1400 °C with heating rate of 30 °C/min and maintained for 40 minute. Synthesis by VS mechanism has advantages where it does not need catalyst for the formation of 1D morphology and thus no purification of the product is required. However, comparing to VLS mechanism, generally 1D material was not uniform and the diameter can vary over a wider range. The formation of SiCNTs involved three stages according to VS mechanism which are microwaves heating of blend of SiO 2 and MWCNTs, vaporization of SiO 2 to SiO gas and conversion of MWCNTs to SiCNTs. In the first stage as shown in Figure 10 (a), the blend of SiO 2 and MWCNTs was exposed to the microwave heating such that the temperature reached 1400 °C with heating rate of 30 °C/min and maintained for 40 minutes. When exposing to microwave irradiation, carbon materials such as MWCNTs were able to absorb the microwave irradiation as indicated by red arrows (Figure 10 (a) ). Carbon materials can be heated by microwaves because of delocalized π electrons, which are free to move within the orbital structure of carbon. As the carbon continue to absorb the microwave energy, the kinetic energy of delocalized π electron increased and thus each carbon atom started to vibrate and move 47 . These actions caused the heat to generate volumetrically after absorbing the microwave energy and thus temperature of carbon materials increased. Meanwhile, SiO 2 is a microwave reflector, the microwave energy cannot penetrate the SiO 2 due to characteristics of SiO 2 being non-polar. Besides that, tetrahedral structure of SiO 2 is bonded by strong covalent bonding between Si and O atom and its intermolecular force is very strong which caused the microwave energy cannot absorbed by the SiO 2
48
. SiO 2 particle was heated through the conduction of heat energy from carbon.
For the second stage, carbon reacted with the SiO 2 particles at high temperature to form SiO gas (green arrows) and carbon monoxide (CO) gas (Figure 10 (b) ) and the reaction is shown in Equation (3.2) below 49 . This reaction is highly endothermic and required high temperature to occur. SiO gas then further reacted with the remaining carbon to form SiCNTs with CO gas as the end of the reaction as shown in Figure 10 
Discussion
From the characterization and testing conducted by using XRD, FESEM, TEM, PL, FTIR, TGA and Raman spectroscopy, it can be observed that consistent results were obtained. Effective and rapid synthesis of SiCNTs can be obtained by using microwave heating assisted synthesis where special feature of the microwave heating which can rapidly produce heat through the interaction of the materials with microwave. By studying the blend ratio of the SiO 2 particles and MWCNTs, high yield synthesis of SiCNTs can be achieved and thus produce high quality of SiCNTs. XRD pattern and FESEM images proved that ratio 1:3 of SiO 2 particles and MWCNTs successfully synthesized high quality SiCNTs compared to others ratio in which high yield conversion of SiO 2 particles and MWCNTs to SiCNTs was achieved. Similar with Bi et al 25 in their study synthesis of SiC/MWCNTs hetero-structures, they reported that the highest formation of SiCNTs was obtained from blend of SiO 2 particles and MWCNTs in the ratio of 1:3. Furthermore, Zhang et al 23 in their study of molten salt assisted synthesis of 3C-SiC nanowires also reported that blend of SiO 2 particles and carbon in the ratio of 1:3 has showed the presence of XRD peak corresponded to β-SiC with highest intensity and indicated the high yield formation of SiC nanowires.
Besides that, it is worth mentioning that other advantages of synthesis of SiCNTs using microwave heating in this study are the minimal usage of chemical, simple procedure, environment friendly and economical method. Although, SiC has been successfully synthesized through carbothermal reduction using conventional heating 52 and sol-gel 53 but, these processes are mainly energy consuming, require very high temperature, long heating duration and slow heating rate which in turn affect the synthesis of SiC. Obviously, the use of microwave heating for the synthesis of SiCNTs provides advantages such as rapid synthesis, simple procedure and no catalyst is required for the process. By study of the effect of ratio of raw materials, the high yield synthesis of the SiCNTs using microwave heating can be achieved and high quality SiCNTs could be obtained. This study also showed the novel way for the preparation and synthesis of SiCNTs using SiO 2 particles and MWCNTs. Although, Bi et al and Quah et al also reported the similar study of the effect of different ratios of SiO 2 particles and CNTs, in this study, we aimed to obtain high yield conversion of SiO 2 particles and MWCNTs to SiCNTs by using microwave heating method which is more energy efficient and rapid comparing to conventional heating which is generally an energy and time consuming process.
Conclusions
For the first time, SiCNTs has been successfully synthesized from blend of SiO 2 particles and MWCNTs in the ratios of 1:1, 1:3, 1:5 and 1:7 by using microwave heating as the new synthesis route which can synthesize high quality SiCNTs in a more time and energy efficient way. SiCNTs were characterized by using X-ray diffraction (XRD), field emission scanning electron microscopy (FESEM), transmission electron microscopy (TEM), photoluminescence spectroscopy (PL), fourier transform infrared (FTIR), thermal gravimetric analysis (TGA) and raman spectroscopy. The blend of SiO 2 and MWCNTs in the ratio of 1:3 is the most suitable ratio for the synthesis of SiCNTs because of high yield conversion of SiO 2 and MWCNTs was achieved and resulted in the formation of β-SiCNTs with only very small amount of residual unreacted SiO 2 particles and MWCNTs. Besides that, the tubular structure of nanotube was completely retained and the band gap for SiCNTs was found to be 2.67 eV. These results evidenced the optimal condition for the generation of SiCNTs-based nanostructures. Through the implementation of the microwave heating in synthesis of SiC nano-materials, it has showed the novel way for the new processing method with simple procedure, high heating rate and low consumption of energy and thus improved the quality of synthesized SiC nano-materials compared to the currently used conventional heating method available for the synthesis of SiC nano-materials. 
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